Previous studies in intact lung suggest that CFTR may play a role in cAMP regulated fluid transport from the distal airspaces of the lung. However, the potential contribution of different epithelial cells (alveolar epithelial type I, type II or bronchial epithelial cells) to CFTR regulated fluid transport is unknown. In this study we determined whether the 
Introduction
Active ion and fluid transport in the distal airspace epithelium plays an important role in the resolution of pulmonary edema. Numerous studies have focused on the role of active transport of sodium as a primary determinant for regulating fluid transport across distal epithelium (7, 30, 31, 41) . However, less is known about chloride transport pathways and their physiological significance in apical-basolateral fluid transport across the distal airspace epithelium of the lung. One recent study reported that cAMPstimulated alveolar fluid absorption and Cl -transport in intact mouse lungs were inhibited by glibenclamide and CFTR gene deletion (13), suggesting the involvement of CFTR in distal lung Cl -transport. Using a pleural surface fluorescence method, cAMP-stimulated Cl -transport was observed in ~50% of the CFTR null mice (19) . The heterogeneity in Cl More recent studies have shown that adenoviral overexpression of CFTR in rat and mouse lungs increases alveolar fluid clearance, which can be blocked by non-specific chloride channel inhibitors (35) .
Studies in intact lung cannot easily define the contributions of apical and basolateral membrane Cl -and Na + transporting mechanisms because of the complex mixture of cell types (alveolar epithelial type I, type II or bronchial epithelial cells)
participating in the response in intact lungs and because of uncertainties in driving forces.
Cell culture experiments indicate that rat AT II cells transport Na + and Cl -utilizing luminal epithelial Na + channels (ENaC) and possibly CFTR chloride channels and basolateral membrane Na, K, ATPase (20, 21, 29) . Less information is available about the physiology of type I cells because suitable cell culture models are not available, although recent studies suggest they may participate in apical-basolateral sodium and fluid transport (3, 22, 38) . It is not known whether CFTR is expressed in the alveolar epithelium and plays a role in the regulation of fluid transport. The primary objective of this study was to determine whether CFTR is expressed in human lung AT II cells, and whether the CFTR chloride channel contributes to cAMP regulated fluid transport in human AT II cells cultured with an air-liquid interface.
Material and methods

Isolation of human lung alveolar epithelial cells. Human alveolar epithelial type II cells
were isolated using a modification of methods previously described (2, 8, 11 Short-circuit current studies were also done in rat alveolar epithelial type II cells that were isolated as described previously (14) and seeded on polycarbonate snapwell membranes (pore size 0.4 µm, surface area 1.13 cm 2 ). The cells were grown on an airliquid interface 72 h after seeding as described above for human AT II cells. At 120 h, the snapwell inserts were mounted in the same Ussing chamber system. Experiments were done both in the presence and absence of chloride gradient using the same bathing solution as for human AT II cells. Ten different lung preparations were used in experiments.
Real-Time RT-PCR.
Gene expression in human AT II and bronchial epithelial cells was measured using a two-step multiplex real time RT-PCR method previously described in detail (10). Human bronchial epithelial cells were a gift from Dr. Finkbeiner's laboratory (San Francisco General Hospital, UCSF). Primer and probe sets for genes of interest were designed using "Primer Express" software (Perkin Elmer, Foster City, CA) based on sequencing data from NCBI databases and purchased from Biosearch Technologies, Inc.
(Novato, CA). The primer and probe sequences employed are provided in:
http://asthmagenomics.ucsf.edu/pubs/publications.htm. Total RNA (~10-20 ng) was reverse transcribed using random hexamers and the resulting cDNA product was amplified using a mix of gene-specific primers and hot start PCR for 25 cycles.
Transcript quantifications were run along with -RT cDNA controls in a 384-well format on an ABI Prizm 7900 Sequence Detection System (Applied Biosystems, Inc., Foster City, CA). Data were collected as PCR cycle threshold values (Cts) for each gene and then converted to relative gene copy numbers (GCN) based on linear regression as previously described (10). Transcript copy was normalized using a panel of 10 housekeeping genes. The geometric mean value of the housekeeping genes most stably expressed across the samples was used for normalization using GeNorm software, a recently published approach (Vandesompele). Normalized GCNs in bronchial vs. alveolar epithelial cells were compared using the Student's unpaired t-test.
Statistical Analysis
Results are expressed as the mean ± SE of values from separate human lung experiments. Comparisons between 2 groups were made using an unpaired, two-tailed ttest. Comparisons between more than 2 groups were made using a one-way analysis of variance and with post hoc Tukey test. P < 0.05 was considered statistically significant.
Statistical analysis was performed using SPSS 12.0 on an Apple Macintosh computer (SPSS Inc, Chicago, IL).
Results
Phenotype and electrophysiologic properties of cultured human AT II cells
Alveolar epithelial type II cells were isolated from human lungs that had been rejected for transplantation. Overall, 95% of the electron microscopy sections from those lungs (30 sections from 8 patients) that were selected for ion and fluid transport studies 
Gene expression profiling
By real-time RT-PCR, gene expression was compared in human AT II cells and in human bronchial epithelial cells from the same lung ( Table 1 Table 1) .
Discussion
In this study, we found that CFTR is present in human alveolar epithelial type II cells, and may play a role in cAMP mediated apical-basolateral ion and fluid transport. and/or the activity of cation/Cl -cotransporters is different from that of airway epithelial cells so that Cl -across the apical membrane is close to equilibrium when ENaC is inhibited ( Figure 5A ). However, when ENaC is allowed to function without amiloride, the influx of Na + across the apical membrane probably generates depolarization that favors the absorption of Cl -through CFTR. This coordinated NaCl absorption would be the basis for cAMP-stimulated fluid absorption. Recent studies also revealed interdependency between CFTR and the β-adrenergic receptor that is essential for upregulation of active Na + transport and fluid clearance in intact mouse lung (35) .
Under basal conditions we propose that active fluid transport is mainly driven by ENaC, although Cl -must follow for electroneutrality through an as yet unidentified pathway, possibly another chloride channel. With cAMP stimulation, CFTR opens and more ENaC channels are recruited to the apical membrane (6, 37), so that both Na + and 
Cl
